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                                                ABSTRACT 
 
Minimum quantity of lubrication (MQL) in machining is an established alternative to 
completely dry or ﬂood lubricating system from the viewpoint of cost, ecology and 
human health issues. Hence, it is necessary to select MQL and cutting conditions in 
order to enhance machinability for a given work material. This thesis describes 
experimental investigations on inﬂuence of different lubrication conditions such as 
minimum quantity lubrication (MQL), dry machining and wet machining on surface 
roughness. The surface roughness was examined with Perthometer. In this research, the 
main objective is to determine the effect of the lubrication conditions on the surface 
roughness in turning operation. Three different materials had been chosen as work 
material. Those were ASTM B176 Brass, AISI 1060 Aluminum Alloy and AISI 304 
Stainless Steel. Two other parameters were also considered in this study; depth of cut 
and cutting speed. The ranges of depth of cut used were 0.2mm and 0.4mm whereby the 
cutting speed values were 810rpm and 1400rpm. Response Surface Method (RSM) was 
used to predict the surface roughness. Based on the generated results, the correlation for 
surface roughness with the cutting parameters satisfies a reasonable degree of 
approximation. It was found that, minimum quantity lubricants produced better surface 
finish as compared to dry and wet machining. The result can significantly reduce cost 
and environmental pollution by using minimum quantity lubrication. 
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ABSTRAK 
 
Minimum kuantiti pelincir (MQL) dalam pemesinan dijadikan alternatif kepada 
pemesinan kering atau sistem pemesinan pelinciran maksimum, dari sudut kos, isu-isu 
ekologi dan masalah kesihatan manusia. Maka adalah perlu untuk memilih MQL dan 
keadaan pemesinan yang betul untuk meningkatkan kebolehmesinan untuk bahan kerja 
yang di beri. Tesis ini menerangkan kajian eksperimen tentang kesan perbezaan 
keadaan-keadaan pelinciran seperti minimum kuantiti pelinciran (MQL), pemesinan 
kering, dan pemesinan basah, ke atas kekasaran permukaan. Kekasaran permukaan 
diperiksa dengan menggunakan Perthometer. Dalam kajian ini, objektif utamanya ialah 
untuk menentukan kesan keadaan-keadaan pelinciran terhadap kekasaran permukaan 
dengan menggunakan mesin larik. Tiga bahan yang berbeza dipilih sebagai bahan kerja 
dalm kajian ini. Ianya adalah ASTM B176 Brass, AISI 1060 Alloy Aluminium dan 
AISI 304 Stainless Steel. Dua parameter yang lain lagi yang digunakan dalam kajian ini; 
kedalaman pemotongan dan kelajuan pemotongan. Julat kedalaman pemotongan yang 
digunakan ialah 0.2mm dan 0.4mm, manakala nilai-nilai kelajuan pemotongan ialah 
810rpm dan 1400rpm. Response Surface Roughness (RSM) digunakan untuk meramal 
kekasaran permukaan. Berdasarkan keputusan yang diperolehi, kolerasi untuk kekasaran 
permukaan dengan keadaan pemotongan, mencapai tahap yang di anggarkan. Telah 
didapati bahawa kuantiti pelinciran minimum menghasilkan permukaan yang lebih baik 
berbanding dengan pemesinan kering dan pemesinan basah. Hasilnya dapat  aplikasikan 
dalam mengurangkan kos dan pencemaran alam sekitar dengan menggunakan kuantiti 
minimum pelincir. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1     INTRODUCTION 
 
Recently, increasing production quality and minimizing costs in machining 
process have become important aspects for green machining. Higher material removal 
rates and better product qualities have been obtained by using new cutting tool materials 
and various cutting ﬂuids. New cutting tools have greatly been used to improve 
machining of several engineering materials. There are still some problems in machining 
process, especially, the severe friction and high temperature in cutting zone. The friction 
and rising of temperature during cutting processes negatively affect tool life (Wang, 
2000). 
 
 Surface roughness is a commonly encountered problem in machined surfaces. It 
is deﬁned as the ﬁner irregularities of surface texture, which results from the inherent 
action of the production process. Consequently, surface roughness has a great inﬂuence 
on product quality. Furthermore a good-quality machined surface signiﬁcantly improves 
fatigue strength, corrosion resistance, and creep life (Dhar et al., 2005). 
 
Lubrication is simply the use of material to improve the smoothness of 
movement of one surface over another, and the material which is used in this way is 
lubricant. Lubricant are usually liquid or semi-liquid, but may be solid or gasses or any 
combination of solids, liquids and gasses. In addition to reducing or controlling friction, 
lubricants are usually expected to reduce wear and often to prevent overheating and 
corrosion. It also can improve tool life and surface condition. 
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 Pollution generated during machining mainly come from waste cutting ﬂuids. 
The recycling and disposal of waste cutting ﬂuids is about 16–20% of machining cost 
(Sreejith, 2000). As disposal cost and environmental impacts of machining processing 
are high, governmental regulations have been established to force manufactures to 
reduce or eliminate the amount of wastes. Therefore, it seems to be a better option to 
eliminate using cutting ﬂuids.  
 
1.2      PROBLEM STATEMENT 
 
The challenge of modern machining industries is mainly focused on the achievement 
of high quality, in terms of work part dimensional accuracy and surface ﬁnish, high 
production rate and cost saving, with a reduced environmental impact. In machining 
process, it is necessary to attain the desired surface quality in order to produce parts 
providing the required functioning. The surface quality deﬁnes some mechanical 
properties of the product, such as wear resistance. Being such a considerable quality, 
surface quality is inﬂuenced by various parameters. It will be costly and time consuming 
to acquire the knowledge of appropriate cutting parameters. At this point, surface 
roughness prediction will be helpful, which is mostly based on cutting parameters and 
sometimes some other parameters. Thus the choice of optimized of lubrication become 
very important to control the required surface quality. The concept of minimum quantity 
lubrication, sometimes referred to as near dry lubrication, has been suggested since a 
decade ago, as a means of addressing the issues of environmental intrusiveness and 
occupational hazards, associated with the airborne cutting ﬂuid particles on factory shop 
ﬂoors. The minimization of cutting ﬂuid also leads to economical beneﬁts by way of 
saving lubricant costs and workpiece, tool machine cleaning cycle time. Health problem 
is caused by the long-term exposure to cutting ﬂuids. In order to eliminate the effect of 
cutting ﬂuids, dry machining has become a reliable choice in machining of some 
materials. However, some engineering materials still require cutting ﬂuid in their 
machining operations and this is because of the needed surface quality, tool life, and 
machining dimensional accuracy (Sreejith, 2000; Vierira, 2001 and Diniz, 2002). Hence 
the implementation of machining without coolant will bring down the manufacturing 
cost but can cause tool wear problems and low surfaces finish. Minimum quantity of 
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lubricant can cut of manufacturing cost and produce better surface finish than dry 
cutting. 
 
1.3    PROJECT BACKGROUND 
 
Currently, there is a wide-scale evaluation of the use of cutting fluids in machining. 
Industries are looking for ways to reduce the amount of lubricants in metal removing 
operations due to the ecological, economical and most importantly human health. 
Therefore, it is important to ﬁnd a way to manufacture products using the sustainable 
methods and processes that minimize the use of cutting fluids in machining operations. 
In addition, it is essential to determine the optimal cutting conditions and parameters, 
while maintaining long tool life, acceptable surface ﬁnish and good part accuracy to 
achieve ecological and coolant less objective.  
 
 Lathe machine is the oldest machine tool that is still the most common used 
machine in the manufacturing industry to produce cylindrical parts. It is widely used in 
variety of manufacturing industries including automotive and aerospace sectors. Quality 
of surface plays a very important role in the performance of turning as good-quality 
turned surface is significant in improving fatigue strength, corrosion resistance, and 
creep life. Surface roughness also affects several functional attributes of parts, such as 
wearing, heat transmission, and ability of holding a lubricant, coating, or resisting 
fatigue. Nowadays, roughness plays a significant role in determining and evaluating the 
surface quality of a product as it affects the functional characteristic. 
 
 The product quality depends very much on surface roughness. Decrease of 
surface roughness quality also leads to decrease of product quality. In field of 
manufacture, especially in engineering, the surface finish quality can be a considerable 
importance that can affects the functioning of a component, and possibly its cost. 
Surface roughness has been receiving attention for many years in the machining 
industries. It is an important design feature in many situations, such as parts subject to 
fatigue loads, precision fits, fastener holes and so on. In terms of tolerances, surface 
roughness imposes one of the most crucial constraints for the machines and cutting 
parameters selection in process planning.  
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In this project, a number of ASTM B176, AISI 1060 Aluminum Alloy and AISI 304 
Stainless Steel are turning with lathe machine. This experiment will be held in three 
conditions which are dry, wet and minimum lubrication. Two machine parameters are 
varies during this experiment. Full factorial is used to assist in design experiment. By 
using mixed 2 and 3 level designs, yields 12 run of experiments for each material. 
Minitab15 software is used for analyzing data obtained. 
 
1.4     PROJECT OBJECTIVES 
 
The objectives of this study are to: 
 
(i) Determine the effect of the lubrication condition on surface roughness in turning 
operation. 
(ii) Identify the effectiveness of minimum quantity lubricant as compare to dry and 
wet machining on surface roughness. 
 
1.5     SCOPES OF THE PROJECT 
 
(i) Three different lubrication conditions are considered; wet machining, dry 
machining and minimum quantity lubricant. 
(ii) Machining variables considered are lubrication condition, cutting speed and 
depth of cut. 
(iii) Feed rate is set as constant throughout the entire experiments.  
(iv) Turning operation is performed using conventional lathe machine. 
(v) The effect of different lubrication conditions on surface roughness of 1060 
Aluminum alloy, ASTM B176 brass and AISI 304 Stainless steel is investigated.  
(vi) Surface roughness of material is analyzed by using perthometer. 
(vii) Minitab15 software is used to analyze the data. 
  
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
 This chapter is discusses on some literature studies related to the effect of cutting 
fluid condition on surface roughness in turning operation. 
 
2.2 CUTTING FLUID 
 
 Cutting fluids have been used for centuries and their form has changed very 
little, though significant efforts have been made to improve their performance over the 
past several decades. These attempts at improvement have coincided with a better 
understanding of the adverse health impacts that cutting fluids can have on people and 
the environment, which has in turn driven the development of environmentally adapted 
alternatives. It has been well recognized empirically that supplying some fluid to the 
vicinity of contact between the tool and the workpiece could facilitate the machining 
operation, so that the functions of cutting fluids have also been the main subject of early 
investigations.  
 
At higher cutting speeds, since the tool undergoes wear because of increased 
temperature, it is important that the cutting fluid acts as a coolant. As cutting speeds 
lower, the lubricating properties of the fluid become more prominent, easing the flow of 
the chip up the tool rake face. The main functions of cutting fluids are, cooling at 
relatively high cutting speeds and lubrication at relatively low cutting speed. Cutting 
fluids is a liquid added to reduce the friction coefficient between the grain and 
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workpiece by way of cooling and lubrication the cutting site of tools by flooding or 
spraying (Rao, 2007).  
 
Most metal cutting process need cutting fluids action. Very little (1 to 3 %) of 
the work of metal cutting is stored as residual stresses in workpiece or chip, more than 
97% appearing as heat (Siliman, 1992). Unfortunately, conventional cutting ﬂuids cause 
environment and health problems. Pollution generated during machining mainly come 
from waste cutting ﬂuids. The recycling and disposal of waste cutting ﬂuids is about 
16–20% of machining costs (Sreejith, 2000). As disposal cost and environmental 
impacts of machining processing, are high, governmental regulations have been 
established to force manufactures to reduce or eliminate the amount of wastes. 
Therefore, it seems to be a better option to eliminate using cutting ﬂuids. Health 
problem is caused by the long-term exposure to cutting ﬂuids.  
 
In order to eliminate the effect of cutting ﬂuids, dry machining has become a 
reliable choice in machining of some materials. However, some engineering materials 
still require cutting ﬂuid in their machining operations (Sreejith, 2000; Vierira, 2001; 
and Diniz, 2002). The base of specially prepared cutting fluids is commercially 
available mineral oil. The cutting fluid contains coolant, lubricant and additives such as 
surfactant, evaporator and stabilizer (Ramamoorthy, 2006). 
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2.3 MACHINING CONDITION 
 
 Different machining processes set varying demands on the amount of lubricants 
needed for secure and satisfactory machining results. To implement dry machining, 
aspects like heat generation, clearance of chips, and kinematic conditions have to be 
considered when designing the process (Sreejith, 2000). Figure 2.1 shows the influence 
of the machining process on the cooling lubricant supply.  
 
 
Figure 2.1: Influence of the machining process on the cooling lubricant supply 
 
Source: Weinert et al. (2004) 
 
2.3.1 Dry Machining 
 
 Dry machining means machining the material without any fluids at all, and only 
atmospheric air surrounding the cutting zone. Dry machining is elimination on the use 
of cutting fluids. The interest in dry machining is often related to the lower cost 
(Sreejith, 2007), healthy issues and environmentally friendly (Dhar, 2005; and Dhar et 
al. 2004). Dry machining requires less power. Cutting dry, the chips will move across 
the rake face of the tool and so take the point of maximum heat a way back from the 
tool tip. The tool will get hot, but there is a larger bulk of tool in which to dissipate the 
heat. In dry machining, bringing the point of maximum heat much closer to the point of 
cut where there is less material to conduct away the heat; the tool life decrease (Byers, 
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2006). The high temperature at the machining zone will ultimately cause dimensional 
inaccuracies for the work piece and tool wear problems (Sreejith, 2007) and also 
produce less surface finish. However the chips will be drier and of higher financial 
value, since they may be recycled directly and more efficiently with less negative 
impact to the environment.  
 
An obvious way to reduce the impacts and cost of metals manufacturing is to 
eliminate the cutting fluid all together. In most cases, this will result in shortened tool 
life or reduced product quality but in other cases may result in comparable performance 
if modifications are made to existing processes. For example, tool geometry can be 
modified to have wider flutes and higher helix angles on drills to make chip evacuation 
easier and reduce the need for lubricants to serve that purpose. The machining process 
can also be adjusted to reduce tool wear by slowing the cutting speed or reducing the 
feed rate. 
 
 
 
Figure 2.2: Dry Machining 
 
 
 
